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I. INTRODUCTION
The leaf spring should absorb the vertical vibrations and impacts due to road irregularities by means of variations in the spring deflection so that the potential energy is stored in spring as strain energy and then released slowly. So, increasing the energy storage capability of a leaf spring ensures a more compliant suspension system. Leaf springs are widely used on automobiles like trucks, buses and light commercial vehicles. Leaf springs are perhaps the simplest and least expensive of all suspensions. While compliant the vertical direction, the leaf is relatively stiff in lateral and longitudinal directions, thereby reacting the various forces between the sprung and unsprung masses. Now-a-days customer becomes money oriented, and after purchasing a vehicle customer loads the vehicle not at rated loads as suggested by the manufacturer, whereas they are overloading the vehicle beyond the vehicle's rated capacity. Due to this, leaf springs on the vehicle are failing during running of the vehicle prior to its targeted life (i.e.1x105 cycles min). To overcome this, we have studied the failed spring and we observed that customer is overloading the vehicle up to 30% to 40% than its rated capacity, and thus failure occurred. In the present scenario, weight reduction has been the main focus of automobile manufactures. The suspension leaf spring is one of the potential items for weight reduction in automobiles as it accounts for ten to twenty precent of the unsprung weight, which is considered to be the mass not supported by the leaf spring. The introduction of parabolic type leaf spring made it possible to reduce the weight of the conventional multi-leaf spring without any reduction on the load carrying capacity and stiffness. Parabolic type leaf spring is having fatigue life of 2x10 5 cycles whereas multi-leaf spring is having a fatigue of 1x10 5 cycles. Ravi Kumar V. R. et al [2] Many industrial visits shows that steel leaf springs are manufactured by EN45, EN45A, 60Si7, EN47, 50Cr4V2,55SiCr7 and 50CrMoCV4 etc. These materials are widely used for production of the parabolic leaf springs and conventional multi leaf springs. Conventional (steel) leaf springs use excess of material making them considerably heavy. Automobile manufacturers and parts makers have been attempting to reduce the weight of the vehicles in recent years. Emphasis of vehicles weight reduction in 1978 justified taking a new look at composite springs. This can be improved by introducing composite materials in place of steel in the conventional spring. Most commonly the conventional multi leaf springs are made of several steel plates of different lengths stacked together. So when they are subjected to loading, due to the deflection of consecutive leaves, we can observe the friction between the two leaves. This friction will cause the fatigue failure of steel (conventional) leaf spring. Commonly, when springs are made with number of leaves, it will carry nearly 20% of unstrung weight. For the above reasons, mono leaf composite spring will be a better option to replace the conventional steel multi leaf spring.
Mahajan A. M. et al [3] During normal operation, the spring compresses to absorb road shock. The leaf springs bend and slide on each other allowing suspension movement. Fatigue failure is the predominant mode of in-service failure of many automobile components. This is due to the fact that the automobile components are subjected to variety of fatigue loads like shocks caused due to road irregularities traced by the road wheels, the sudden loads due to the wheel traveling over the bumps etc. The leaf springs are more affected due to fatigue loads, as they are a part of the unsprung mass of the automobile.
Mr. V K Aher et al [4] Predicts about the fatigue life of a semi-elliptical leaf spring along with stress and deflection calculations. The leaf spring is widely used in automobiles and one of the components of suspension system. It needs to have excellent fatigue life. As a general rule, the leaf spring must be regarded as a safety component as failure could lead to severe accidents. This present work describes static and fatigue analysis of a modified steel leaf spring of a light commercial vehicle (LCV). The aim of the project undertaken was to increase the load carrying capacity and life cycles by modifying the existing multi-leaf spring of a light commercial vehicle (LCV). In this paper, only the work of the modified seven-leaf steel spring is presented. The leaf spring was analysed over its full range from 1kN to 10 kN. Bending stress and deflection are the target results. Finally, fatigue life of the steel leaf spring is also predicted.
Prof. N.P.Dhoshi et al [5] This is about the leaf springs used in tractor trailer without much economical and technical consideration. In the present work improvement areas where one can improve the product quality while keeping the minimum cost. In the present work analytical and Finite element method has been implemented to modify the existing leaf spring with consider the dynamic load effect. One of the important areas where one can improve the product quality while keeping the cost low is the design aspect. One can design the product in such a way that its performance increases while the customer has to pay less as compared to the same product of other companies. Material and manufacturing process are selected upon on the cost and strength factor whereas the design method is selected on the basis of mass production. FEM and ANSYS software ensures a healthy approach of designing the leaf spring thus epitomizing the traits that are essential for the manufacturing. They concluded that the project highlights the need of FEM analysis in industries ranging from small scale to large one, as this will reduce cost also it will improve accuracy.
III. OBJECTIVES
 To reduce overall weight of the spring by using parabolic type auxiliary spring pack and without compromising in load carrying capacity and stiffness.  To increase the fatigue life by using parabolic type leaf spring.  To reduce an irritating noise between leaves during working of the leaf spring.  To reduce chassis height by using parabolic type spring.  To reduce total vehicle weight by using parabolic type leaf spring.  To decrease rusting of leaves by avoiding interleaf contact.  To increase comfort level by using parabolic type leaf spring, as it is having thicker central portion and gradually reducing upto the eye. Reduction in Area (%) 53
Hardness (HB) 335
B. Processing:
After pre-processing, Loads & boundary conditions are applied as below -One eye is fixed, i.e. only ovement in Z-direction. Second eye i.e. at shackle end is constrained by pin joint and movement in direction X and Z is kept free. Load of 14228 kg and 12247 Kg are applied at the bottom of leaf spring for existing and optimized springs respectively.
C. Post-processing:
After successful completion of the run, results can be viewed in the result window.Total deformation and stresses due to application of load can be viewed as well as animation of deformation can be seen.Two following important results are observed in case of leaf spring areVon-Mises stresses Total deformation under applied load The above fig.7 
VI. TESTING AND VALIDATION
The following figures shows subsequent photos of fatigue testing rig, leaf spring at initial stage and leaf spring at final stage (full loaded). The fatigue or endurance testing is carried out according to IS 1135, the number of samples to be tested should be as agreed between the supplier and purchaser. The fatigue test shall be conducted in deflection. The spring shall be cycled between deflection values corresponding to OC and OB as defined in Fig.10 . Typically this can be 0.5 times the rated load to twice the rated load unless otherwise specified. The load at rated load position shall be measured at periodic intervals unless otherwise specified and on completion of the test to determine the change in load. Leaf spring with auxiliary spring is tested in fatigue testing rig; main spring is tested for a target fatigue life of 100000 cycles while auxiliary spring is tested for a target fatigue life of 50000 cycles. During testing one end of leaf spring is fixed and other end is connected to shackle for length compensation. Load is applied from top at the centre of the leaf spring. 
VII. RESULTS AND DISCUSSION
From below results between FEA and experimental it is clear that correlation is about 95 to 98% for all stress, stiffness and fatigue life.
CONCLUSION
From above study it is clear that the weight of the leaf spring has been reduced by 43 Kg per spring by maintaining same stiffness and capacity. The stresses are also within material yield limit hence; the design is safe. By using parabolic type leaf spring fatigue life of the spring is increased. In future, we can make both springs of parabolic type thereby weight of the leaf spring will be reduced also, the fatigue life also increased.
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